This paper investigates the causal relationship between road transportation energy consumption, fuel prices, transport sector value added and CO 2 emissions in Tunisia for the period 1980-2012. We apply the newly developed combined cointegration test proposed by Bayer and Hanck (2013) and the ARDL bounds testing approach to cointegration to establish the existence of long-run relationship in presence of structural breaks. The direction of causality between these variables is determined via vector error correction model (VECM).
Introduction
It has been an established fact that transport-related energy consumption represents 27% of the global energy demand and is responsible for 22% of total carbon dioxide emissions (IEA, 2012a) . In the year 2030, the world transport energy consumption and CO 2 emissions will increase by more than 50% (IEA, 2008) . Transportation sector emissions in developing and transition countries, which are expected to have a higher economic growth, represent a serious problem. Transport CO 2 emissions are expected to increase dramatically in developing and transition countries from one third to one half of global emissions by 2030 (IEA, 2006) .
In Tunisia, as in most developing countries, transport sector is one of the largest energy consuming sectors. It accounts for 26.9% of total energy used by the country (IEA, 2012b) and responsible for more than 30% of CO 2 emissions in 2010 (Mraihi et al. 2013 ).
Particularly, the road transport is the major part of the transportation system in Tunisia with 80%. It consumes around 70% of the total energy demand in transport sector.
Consequently, the management of road transport sector is of particular priority in Tunisia. This is due to the rapid increase of ownership cars with annual growth rate of 6.57% ) which result in an increase in fuel consumption (3.7% on average per year during the period 1980-2012) and as a result in an accelerated rise in dioxide carbon emissions (4% on average per year during the period 1980-2012). In addition, Tunisia became a net oil importer for the first time in 2000 and currently it imports over half of its petroleum product demand.
Therefore, from the sustainability standpoint, it is important to examine the more influencing factors of transport-related energy consumption and GHG emissions changes.
Understanding key driving forces of transport energy demand (economic growth, fuel price, urbanization, road infrastructure, the growth rate of vehicle ownership, average fuel intensity...) provides insight for development mitigations measures and policies in order to control GHG emissions. Moreover, any policy or sustainable measure to mitigate transport emissions needs a better understanding of causality relationship between economic growth, transport energy consumption, transport activity and some main macroeconomic variables.
This paper contributes in existing literature by investigate the road CO 2 emissions function in case of Tunisia. We apply Bayer-Hanck combined cointegration approach for cointegration and structural break unit root test is applied for integrating properties of the variables. The robustness of cointegration results is tested by applying the ARDL bounds testing. The causal relationship among the variables is investigated by applying the VECM Granger causality approach. We find the presence of cointegration. Energy consumption adds in CO 2 emissions. Fuel prices decline CO 2 emissions. Road infrastructure boosts in CO 2 emissions. Transport value-added also increases CO 2 emissions. The causality analysis indicates the bidirectional casual relationship between energy consumption and CO 2 emissions. Fuel prices cause CO 2 emissions, energy consumption, road infrastructure and transport value-added. Road infrastructure causes CO 2 emissions and similar is true from opposite side in Granger sense. The bidirectional causality is also found between transport value-added and CO 2 emissions. The remainder of this paper proceeds as follows. Section 2 presents the detailed information on Tunisian road transport sector. Section 3 reviews the previous empirical studies. Section 4 outlines the modelling framework and data collection. Section 5 details the empirical methodology. Section 6 contains the interpretations of the empirical estimations results, and finally, section 7 concludes the paper and provides some policy implications.
Tunisian road transport sector
In Tunisia, the transport sector is a driving force for economic growth. Its share in GDP is 6% with average annual growth rate of 5.5% over the period [2002] [2003] [2004] [2005] [2006] [2007] [2008] (National Institute of Statistics -NIS-, 2013). The transportation sector value added contributes about 31% of the value added generated by services which represents 2.28 billion dollars. The transport sector in Tunisia employs 120,000 people which represent 3.9% of labor force. The road transport covers 95% of passengers transport against 5% for railways. In 2008, the volume of road traffic was 22 billion person-km distributed between collective bus transport (17%), transport using "louage" cars (18%) and private cars (65%). The national vehicle fleet recorded in 2007 about 1.3 million units against 0.4 million in 1988 with average annual growth rate of 7%. Private cars constitute the bulk of the fleet structure with about 59% followed by light commercial vehicles (25%), heavy commercial vehicles (trucks, road tractors, agriculture tractors, trailers and articulated trailers) with 13% and collective transportation vehicles (buses, minibuses) with 1%. The urban transportation accounts for 80% of the fleet on a network covering more than 3000 kilometers.
The transport sector in Tunisia accounts for 29.6% of total energy consumption after the residential (30.6%) and industrial (25.1%) sectors. In 1997, Tunisia's Agency for Energy Management (AME) has estimated that the transport and residential sectors will both correspond to the largest energy consumer by 2020 (AME, 1997). Between, 1980 and 2012, transport energy consumption in Tunisia grew at an average annual rate of 2.86% reaching 198.5 kg of oil equivalent per capita in 2012, up from 80.5 kg of oil equivalent per capita in 1980. The concentration of population in capital cities across the country and economic development generate new demand for transport services.
In 1997, a study on the evolution of energy demand by sector has been completed by the AME. This study demonstrated that energy demand will increase considerably over the next three decades (Table-1 ). The share of transport sector remained stable accounting for almost one third of total energy consumption. The estimated average annual growth rate of road transport-related energy consumption is 3.7%. The sustainable growth of transport energy demand is explained by the fact that the public and private road transports are the main mode of transport for Tunisian households. Public transport however does not meet the recommended quality. In this sense, Tunisia is still facing problems as the existing transport sector is seriously biased towards private transportation with inadequate alternatives to public transport. In accordance with the Ministry of Transport, the disorganized public transport system leads the urban residents to choose private cars instead of the public transportation.
Furthermore, urbanization, economic development sustained over the two past decades, the fuel subsidies and the increase of ownership Cars Park contributed in rapid growth of road transport energy consumption. Nonetheless, despite of the government efforts to reduce the greenhouse fuel emissions, the country will need to adopt new regulatory measures for achieving the objective of efficient energy use in road transport sector. From this perspective, it is crucial to understand the factors affecting CO 2 emissions from the road transport sector in order to 3 The urban population in Tunisia represents 60% of total population and the annual rate of urbanization is 1.34%. implement a mitigating policy agenda for environmental degradation and sustainable road transportation development.
Literature Review
The direction and the sign of long-run causality between transport activity, economic growth and environmental quality 4 has received a great deal of attention from economists.
Meanwhile, relatively few previous researchers have been interested in disaggregated sectoral data (e.g., transport, industry and residential sectors). Understanding the nexus between these variables is very crucial in the energy policies, emissions control and the implementation of transport policies. However, the empirical findings in terms of causality have been paradoxical and inconclusive. The literature remains divided on the issue of whether the causal relationship between variables will be unidirectional, bidirectional or absent.
It is well recognized that the road transport demand is determined by GDP per capita and energy consumption. This present study is humble effort to fill the gap in existing literature regarding the case of Tunisia.
Model Specification and Data Collection
In order to investigate the relationships between transport CO 2 emissions, fuel prices, transport value added, energy consumption and road infrastructure, we argue that we can adopt a log-linear model. The empirical relationship between variables is modelled as follows:
( 1) Where ln is the natural logarithm, CO 2 is per capita transport CO 2 emissions, the fuel price is 
Methodological Framework
Before testing for cointegration, we start by investigating the order of integration of the data series. As a benchmark exercise, we apply the standards Augmented Dickey-Fuller (ADF) and Philips-Perron (1988) (PP) stationarity tests. However, theses conventional unit root tests do not take into account the structural breaks. The ADF and PP tests that assume no structural break are biased towards the non-rejection of null hypothesis (Perron, 1989) . Hence, to make the analysis more robust, we should examine the existence the structural breaks by using the Zivot and Andrews (1992) unit root test which allow for one structural break in the series. This test determines the break point 'endogenously' from the data. After having information on stationarity of the series, we go to the next step selecting the lag order and investigating the presence of cointegrating relationships between variables.
In order to examine the long run relationship among the model variables, there are several tests of cointegration. The first one that has been extensively used and discussed in the literature is the popular Engel and Granger (1987) 
Where is the operator of the first difference, is the dummy variable that allow for structural break in the series and is normally distributed residual term. Thereafter, in order to investigate the cointegrating relationships among variables, we calculate the ARDL Fstatistic. The selection of optimal lag length is based on the Akaike information criteria (AIC).
The Wald test can be achieved by imposing restrictions on the estimated long-run coefficients. The null hypothesis of no-cointegration is:
against the alternative hypothesis . variety of tests to check the problem of normality, serial correlation, Autoregressive conditional heteroskedasticity, white heteroskedisticity and specification of the ARDL bounds testing approach to cointegration.
Next step, in order to examine the long-run and short-run dynamic causal relationships among variables, we apply the vector error correction model (VECM) when there is evidence of cointegration (Granger, 1969) . The VECM specification can be written as follows: 
Results Interpretations
The descriptive statistics and correlation matrix results are reported in Table- Table- The results of ARDL F-statistic are reported in Table-5 . We found that the computed Fstatistics are greater than upper critical bounds at 5% level of significance once transport CO 2 emissions is used as dependent variable in the presence of structural break in 1997.
Furthermore, we discovered that we can reject the hypothesis of no cointegration at 1% level of significance once we use energy consumption and road infrastructure as forcing variables at 1986 5 and 1998 breaks respectively. Thus, in total we have three cointegration vectors and as a result we can reject the no cointegration null hypothesis. We may therefore confirm that there is a long-run relationship among transport CO 2 emissions, transport value added, energy consumption and road infrastructure in the case of Tunisia over the period 1980-2012. This result validates the findings of the combined cointegration test which support a robust conclusion. The long-run marginal impacts of the road transport-related energy consumption, fuel prices, road infrastructure and transport value added on transport CO 2 emissions are presented in Table- 6. The results show that energy consumption, road infrastructure and transport added value have a positive and statistically significant impacts on transport CO 2 emissions. The effect of fuel price on CO 2 emissions is negative and statistically significant at 1% level. We find so that a 1% increase in fuel price will decrease transport CO 2 emissions by 0.097%, ceteris paribus. Although Tunisia is a net-importer of fuel, energy subsidies in the country have been doubled between 2010 and 2011 which lead to overconsumption. That's why, in a country like Tunisia, the fuel subsidy program needs to be reformed in order to decrease the transport CO 2 emissions. The impact of road infrastructure on transport CO 2 emissions affirms that the evolution of per capita road infrastructure is the major contributor to transport energy pollutants. Between 1980 and 2012, the road infrastructure per capita has decreased but, in the same period, the road transport energy consumption per capita in Tunisia has increased from 80.5 to 198.6 kg oil equivalent, representing more than a two-fold increase. In 2011, transport accounted for more than 55% of total energy consumption. This situation is due, notably, to an important average annual growth rate ( Note: * and ** show significance at 1% and 5% levels of significance respectively.
The results of short run dynamics are reported as well in Table-6 . We find that fuel price has a negative and statistically significant impact on transport CO 2 emissions. It reveals that a 1% increase in fuel price decreases transport emissions by 0.028%, ceteris paribus. The results show also that the impact of road infrastructure on transport CO 2 emissions is positive and significant at 1% level. A 1% rise in infrastructure road raises road transport emissions by 1.2%, keeping other things constant. Transport value added has a positive short-run relationship with transport CO 2 emissions but it is statistically insignificant. During the 10 th development plan, the investment in the transport road sector has reached 6 million dollars.
Nevertheless, the investment in road infrastructure has not followed the rapid growth of road Vehicles Park and as a result the road suffers from significant congestion. Hence, the development of road infrastructure should have an important consideration during the next 13 th development plan.
The estimated lagged error term is statistically significant at 1% level of significance with negative sign. It shows the speed of adjustment from the short-run towards the log-run equilibrium path. It means that any change in transport CO 2 emissions from short run towards long-run is corrected by 13.54% every year. Moreover, the significance of lagged error term confirms the established long run relationship between the variables. The lower part of Table-6 shows that the error term of short-run model is white noised. The serial correlation does not exist between the error term and CO 2 emissions. There is an absence of autoregressive conditional heteroskedisticity and the same is true for white heteroskedisticity.
According to Ramsey Regression Equation Specification
Error Test (RESET), the model is well specified.
We investigate the stability of the model by applying Cumulative Sum (CUSUM) and the Cumulative Sum of the Squares (CUSUM sq). The results of CUSUM and CUSUMsq are reported in Figure-5 and 6. We find that the graphs of CUSUM and CUSUMsq are within critical bounds and it is significant at 5% levels. This entails that long-run and short-run parameters are stable and consistent. The impulse response functions measure the effect of shock stemming in independent variables on dependent variable. The results show that the response in CO 2 emissions due to forecast error stemming in transport value added growth initially rises, goes to peak and then starts to decline after 2 nd time horizon. This presents the phenomenon of environmental Kuznets curve or inverted U-shaped relationship between transport value growth and CO 2
emissions. This finding does not give evidence for the previous result about Tunisia which refute the Kuznets Curve hypothesis . The results indicate similarity in the response of CO2 emissions due to forecast error stemming in fuel price and road transport.
It begins by increasing and decline after 3 rd time horizon and 2 nd time horizons respectively.
The forecast error in energy consumption (CO 2 emissions) and road infrastructure stimulates (increases) transport value added growth. The response of fuel price is positive due forecast error in value added and road transport infrastructure.
Conclusion and Policy Implications
This paper examined the impact of road transport energy consumption on CO 2 emissions by incorporating fuel prices, road transport value added and road infrastructure in The findings of our study have implications for policies and strategies that should be undertaken by Tunisian government in order to mitigate the environmental impacts of road transport sector. First, we found that there is a long-run relationship between transport value added and infrastructure road. Actually, the creation of the Road Transports Technical
Agency which is responsible for technical control of vehicles has provided incentive to reduce GHG emissions from road transport sector. However, increasing energy consumption in the road transport sector due to economic growth continues to create a growing threat to national energy security. A new challenge arises for Tunisian policy makers that require them to build a new road infrastructure needed to support the rapid growth in private car ownership which will adversely affect long GHG emissions. Therefore, the use of more energy efficient transport modes and alternative technologies for road transport should be developed and promoted by the Tunisian government towards achieving sustainability in transport sector.
Moreover, the government has to put in place a modern public transportation system in order to encourage passengers to use it more often. Second, the finding of unidirectional causality running from fuel price to road transport energy consumption has an important policy implication. The use of economic instruments like taxation of fuel can stimulate a more efficient use of energy and encourage substitution from private cars to public transport.
However, one quarter of all fuel consumed in Tunisia is illegally imported from Algeria 
